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ABSTRACT 

Th i s  memorandum assesses t h e  f e a s i b i l i t y  of compressing 
t h e  AAP real-t ime t e l e m e t r y  b i t  streams u s i n g  an  onboard computer 
t h a t  i s  c u r r e n t l y  a v a i l a b l e  a t  MSC. The two 51.2 KBPS and one 
7 2  KBPS rea l - t ime b i t  streams planned f o r  t h e  AAP could  b e  
compressed from t h e i r  t o t a l  of 174.4 KBPS t o  abou t  20 t o  3 5  KBPS. 
The computer requirement  t o  accomplish t h i s  i s  e s t ima ted  t o  be  
1 9 , 0 0 0  memory words and 266,000 o p e r a t i o n s  per second. An 
IBM 4 P i / E P  would n o t  b e  f a s t  enough t o  d o  t h i s  job, b u t  it 
would be  a b l e  t o  compress and merge t h e  two 51.2 KBPS streams. 
I t  would, however, r e q u i r e  t h e  CPU t o  operate w i t h i n  1% of i t s  
t o t a l  speed c a p a b i l i t y .  
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In t roduc t ion  

T h e  o b j e c t i v e  of t h i s  memorandum i s  t o  estimate 
t h e  onboard computing c a p a b i l i t y  t h a t  would be r e q u i r e d  
t o  compress and combine two 51 .2  KBPS and one 72  KBPS 
AAP b i t  streams and t o  determine t h e  adequacy of an 
a v a i l a b l e  computer t o  do t h i s  t a s k . *  

T h e  GSFC Network  Computing Branch has  r e c e n t l y  
s t u d i e d  t h e  f e a s i b i l i t y  of compressing AAP t e l eme t ry  d a t a  
us ing  t h e  UNIVAC 642B d i g i t a l  computer.' 
been used i n  prepar ing  t h e  e s t ima tes  i n  t h i s  paper .  Add i t iona l  
d a t a  compression s t u d i e s  by APL2 and M i t r e 3  have been used  t o  
suppor t  these estimates. 

T h i s  s tudy  has 

An average compression r a t i o  f o r  AAP d a t a  of 
20-1 appears  f e a s i b l e  based on t h e  s t u d i e s  which have been 
performed. ' Thus, t h e  average informat ion  ou tpu t  
r a t e  f o r  the  three compressed b i t  streams would be 8.72 KBPS. 
T h i s  would be inc reased  by a factor  of perhaps three or f o u r  
t o  al low f o r  i d e n t i f i c a t i o n ,  error coding, and other  over- 
head data .  
about  20 t o  35 KBPS. 

The r e s u l t i n g  average data  ou tpu t  ra te  would be 

Computer Power  

The GSFC s tudy concludes t h a t  u s ing  a ze ro  
o r d e r  compression a lgor i thm t h e  UNIVAC 642B could process  
AAP data  a t  an i n p u t  ra te  of 1 5 , 0 0 0  samples p e r  second w i t h  
80% CPU loading.  

With t h i s  information,  t h e  onboard computer power 
r e q u i r e d  t o  compress and combine t w o  5 1 . 2  KBPS and one 72  KBPS 
AAP b i t  streams can be est imated as fo l lows:  

* 
An IBM 4 P i / E P  which  i s  a v a i l a b l e  a t  MSC has been suggested 

as a candida te  f o r  t h e  t a s k .  
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3 .  

4.  

The t y p i c a l  i n s t r u c t i o n s  executed by t h e  U642B 
i n  process ing  t h e  AAP d a t a  would be add, s u b t r a c t ,  
s t o r e ,  s h i f t  and compare; each of these has an 
execut ion  t i m e  of 4 u  seconds,  g iv ing  an execut ion  
r a t e  of 2 5 0 , 0 0 0  i n s t r u c t i o n s  pe r  second. 

Therefore, t h e  number of i n s t r u c t i o n s  executed p e r  
sample would be, 

8 0 %  x 2 5 0 , 0 0 0  i n s t r u c t i o n s  p e r  second = 1 3 . 3  instructions 
p e r  sample 1 5 , 0 0 0  samples  per  second 

The reasonableness  of t h i s  number i s  supported by 
2 o t h e r  s t u d i e s .  APL estimated, based on p re l imina ry  

programming of a somewhat s imilar  t a s k  t h a t  about  
30% loading  of t h e  U642B would be r e q u i r e d  t o  compress 
6400 samples pe r  second. T h i s  i s  

30% x 2 5 0 , 0 0 0  ins t ruc t ions /second ~ 12 instructions 
6400 samples/second per sample 

The t a s k  considered by APL uses  a f i x e d  window i n  
i t s  pre l iminary  f o r m  and it compresses a s i n g l e  
stream of da t a .  

A Bellcomm s tudy4 concludes t h a t  a zero-order compression 
a lgor i thm would r e q u i r e  1 0  ope ra t ions  per  sample, as 
a m i n i m u m .  The block diagram used t o  a r r i v e  a t  t h i s  
estimate i s  shown i n  F igure  1. 

Therefore ,  1 3 . 3  i n s t r u c t i o n s  p e r  sample w i l l  be used 
i n  subsequent c a l c u l a t i o n s .  

The samples per  second t o  be  processed would be ,  
--. 

= 6400  samples pe r  second 
fo r  each 5 1 . 2  KBPS l i n k  

5 1 . 2  x 10’ b i t s  per second 
8 b i t s  per  sample 

3 
= 7200 samples pe r  second 

f o r  the 7 2  KBPS l i n k  
7 2  x 1 0  b i t s  pe r  second 

lo bits per 

T o t a l  = 6400 + 6400 + 7200 = 2 0 , 0 0 0  samples per  second 

Thus t h e  r equ i r ed  onboard computer i n s t r u c t i o n  ra te  
would be,  

1 3 . 3  i n s t r u c t i o n s  pe r  sample x 2 0 , 0 0 0  samples pe r  second = 
2 6 6 , 0 0 0  i n s t r u c t i o n s  pe r  second. 
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5. Allowing a 20% CPU margin,  t h e  onboard computer’s  
t y p i c a l  i n s t r u c t i o n  execu t ion  t i m e  would be ,  

266’ooo  = 330,000 i n s t r u c t i o n s  p e r  second,  or 
3p s e c / i n s t r u c t i o n .  80% 

Computer S to rage  

The U642B core s t o r a g e  requi rements  developed i n  
t h e  GSFC s tudy  w e r e ,  

Funct ion  Words 

Inpu t  Processor  3 I 000  
Output Processor 500 
Compressor 1 ,500 
Operat ing System 9 , 0 0 0  
Buf fe r s - inpu t ,  ou tpu t ,  32,000 
queues 

The a l l o c a t i o n  of 3 2 , 0 0 0  words f o r  b u f f e r  s t o r a g e  
was based on making t h e  maximum p r a c t i c a l  u se  of t h e  U642B core 
s t o r a g e  t h a t  was remaining a f te r  t h e  program modules w e r e  
s i z e d .  The minimum b u f f e r  s t o r a g e  t h a t  would be  needed can 
be e s t i m a t e d  as  fo l lows :  

1. Two i n p u t  b u f f e r s  would be needed f o r  each b i t  
stream, each b u f f e r  would hold  a frame of d a t a .  
The d a t a  frame i n  one b u f f e r  would be  processed 
a t  t h e  same t i m e  t h a t  ano the r  frame w a s  be ing  
e n t e r e d  i n t o  t h e  o the r  b u f f e r .  Thus t h e  i n p u t  
b u f f e r  s t o r a g e  would be ,  

51.2 KBPS l i n k  = 2 b u f f e r s  pe r  frame x 128 words 
pe r  frame = 356 words 

7 2  KBPS l i n k  = 2 b u f f e r  pe r  frame x 60  words p e r  
frame = 1 2 0  words 

Two 51.2 KBPS l i n k s  + one 72  KBPS l i n k  = 356 + 356 
+ 1 2 0  = 832 words 

2. Assuming as  t h e  worst  case t h a t  t h e  ou tpu t  would b e  
t h e  same as t h e  inpu t  ( i . e . ,  no compression) t h e  
o u t p u t  b u f f e r  s t o r a g e  would be 832 words. 

3 .  Allowing i n t e r n a l  queue s t o r a g e  t o  be  t h e  same a s  
t h e  i n p u t  b u f f e r  s t o r a g e ,  t h e  queue s t o r a g e  would be 
832 words. 
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4. Allowing i n t e r n a l  s t o r a g e  of t h e  l a s t  v a l u e  
of each of t h e  approximately 2,000 parameters  
t h a t  would be t e s t e d ,  t h e  requi rement  would be 
2 , 0 0 0  words. 

5 .  The r e s u l t i n g  t o t a l  b u f f e r  s t o r a g e  requi rements  
would be 4,496 words .  

An estimate of t h e  t o t a l  onboard computer core 
s t o r a g e  requi rements  can be obta ined  by combining t h e  U642B pro-  
gram module s i z e s  w i th  b u f f e r  s i z e s  developed i n  t h i s  r e p o r t .  
T h e  r e s u l t  i s  a t o t a l  c o r e  s t o r a g e  requi rement  of approximately 
19,000 words. The U642B h a s  a 30 b i t  word l e n g t h .  However, 
a computer word l e n g t h  of 18 t o  24 b i t s  would be adequate  
t o  perform t h e  r e q u i r e d  o p e r a t i o n s  on t h e  8 b i t  and 10 b i t  
AAP t e l e m e t r y  words. 

Adequacy of an Ava i l ab le  Aerospace Computer 

It  would be  necessary f o r  an onboard computer t o  
have 1 9 , 0 0 0  words of memory and t o  perform 3 3 0 , 0 0 0  o p e r a t i o n s  
per  second t o  perform t h e  t a s k  d e s c r i b e d  above. The IBM 
4 Pi/EP has  been suggested f o r  t h i s  a p p l i c a t i o n .  I t  i s  o b t a i n a b l e  
w i t h  16K, 24K, o r  32K of memory, as  w e l l  as o t h e r  8K increments  
f r o m  8K t o  64K on a s i n g l e  bus.  I t  performs a f i x e d - p o i n t  
r e g i s t e r  t o  memory add o p e r a t i o n  i n  5 . 8 ~  sec; t h i s  i s  abou t  
172,000 o p e r a t i o n s  p e r  second assuming t h e  add o p e r a t i o n  t o  be 
a t y p i c a l  o p e r a t i o n .  This  speed is n o t  adequate  t o  perform t h e  
t a s k  desc r ibed  above. 

Two q u e s t i o n s  immediately a r i s e :  (1) i s  t h i s  a 
r e a l i s t i c  a n a l y s i s ,  and (2) is  t h e r e  any p o s s i b i l i t y  t h a t  t h e  
IBM 4 P i / E P  could perform t h i s  t a s k  or some p a r t  of i t ?  

(1) It  i s  a s i m p l i f i c a t i o n ,  a l though u s u a l l y  a 
r e a l i s t i c  one, t o  assume t h a t  an  add o p e r a t i o n  i s  a t y p i c a l  
o p e r a t i o n .  S p e c i a l  input /output  f e a t u r e s ,  t h e  speed of o t h e r  
o p e r a t i o n s ,  d i f f e r e n c e s  i n  i n s t r u c t i o n  r e p e r t o i r e ,  and word 
l e n g t h  a r e  among t h e  f e a t u r e s  n o t  cons idered  when t h i s  assumption 
i s  m a d e .  For i n s t a n c e ,  t h e  IBM 4 Pi/EP i s  capable  of performing 
r e g i s t e r - t o - r e g i s t e r  add or compare o p e r a t i o n s  i n  2 . 3 ~  seconds 
and r e g i s t e r - t o - r e g i s t e r  l o g i c  o p e r a t i o n s  i n  about  1 . 5 ~  seconds.  
The U642B has no r e g i s t e r - t o - r e g i s t e r  i n s t r u c t i o n s  i n  i t s  
r e p e r t o i r e .  Th i s  may be a n  important  d i f f e r e n c e ,  depending on t h e  
t a s k  be ing  done. Because of t h e  n a t u r e  of t h e  merging and compression 
t a s k  being cons idered  h e r e ,  t h e r e  w i l l  probably be f e w  r e g i s t e r -  
t o - r e g i s t e r  o p e r a t i o n s .  Of t h e  1 2  t o  1 4  i n s t r u c t i o n s  performed 
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for each sample, there might be 3 or 4 register-to-register 
operations that result from indexing needs. A realistic 
assumption is that one in four instructions are register-to- 
register operations. Then the average instruction execution 
time is [ (1~2.3) + (3~5.8) ]/4 = 4 . 9 ~  seconds or about 200,000 
operations per second. A more optimistic assumption is that one 
out of every three instructions are register-to-register operations. 
For this case, the average instruction execution time is 
t(lx2.3) + (2x5.8)]/3 = 4.63~ seconds or 216,000 operations per 
second. 

The table below summarizes these results: 

PERFORMANCE (OPERATIONS /SECOND) 

Criteria IBM 4 Pi/EP U642B 

Add Times Only 172,000 250,000 

1/4 Instruction Mix 200,000 250,000 

1/3 Instruction Mix 216,000 250,000 

(2) Consider the implications of each of these 
results. If add times are used as the criteria for comparing 
the two computers, the IBM 4 Pi/EP is capable of processing 

172 r o o o  ops/sec = 13,000 samples/sec 13.3 ops/sample 

with 100% CPU loading. The least demanding job is to merge 
the two 51.2 KBPS data streams, which would require processing 
of 6400 x 2 = 12,800 samples per second. This results in 
99% CPU loading. 

If a 1 out of 4 mix of register-to-register and 
register-memory instructions is assumed, the EP can process 
200,000/13.3 = 15,000 samples per second with 100% CPU loading. 
If it merges the two 51.2 KBPS streams, the result is 86% CPU 
loading. If the 72 KBPS and one of the 51.2 KBPS streams are 
merged, the result is 13,800/14,900 = 93% CPU loading. 

If a 1 out of 3 mix of register-to-register and 
register-memory instructions is assumed, 216,000/13.3 = 16,200 
samples per second can be processed by the EP with 100% CPU 
loading. But even this is not sufficient to process all three 
streams . 
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Conclusions 

It  may be p r a c t i c a l  t o  merge any two of t h e  t h r e e  
d a t a  streams, b u t  t h e  IBM 4Pi /EP would have t o  be e n t i r e l y  
ded ica t ed  t o  t h i s  task.  I t  is  extremely t i m e  c r i t i c a l ,  and 
may r e s u l t  i n  9 9 %  CPU loading even for merging t h e  t w o  
51.2 KBPS streams. I t  may be p o s s i b l e  t o  merge t h e  7 2  XBPS 
stream wi th  one of t h e  51.2 KBPS streams, b u t  it does n o t  
appear f e a s i b l e  t o  merge a l l  three streams. 

. 0. Baechler 

1032-RJp-dmu DOB 
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